Melanin production in many fungal phytopathogens has been investigated to play direct or indirect role in pathogenesis. However, in Bipolaris sorokiniana, the spot blotch pathogen of wheat, much less is known about the role melanin play in pathogenesis. As an extension of our previous report, the present study aims to investigate the plausible association between melanin production and virulence factor in B. sorokiniana. In the previous study, we carried out analysis on the antifungal efficacy of biosynthesized silver nanoparticles (AgNPs) against B. sorokiniana. The present investigation revealed the gene expression analysis of melanin biosynthesis genes viz. polyketide synthase (PKS1) and scytalone dehydratase (SCD1) under the influence of AgNPs. The 0.05 mg/ml concentration of AgNPs yielded noticeable inhibition of B. sorokiniana growth, while 0.1 mg/ml concentration of AgNPs accounted for complete inhibition of pathogen growth. In addition, the semiquantitative RT-PCR analysis exhibited reduced expression of PKS1 and SCD1 under the influence of AgNPs treatment. Furthermore, the qRT-PCR demonstrated 6.47 and 1.808 fold significant decrease in the expression pattern of PKS1 and SCD1, respectively, in B. sorokiniana treated with AgNPs. The present study provides probable understanding of molecular events underlying the antifungal role of AgNPs against B. sorokiniana.
Introduction
Melanin produced by many fungi plays a key role in the survival and longevity of fungal propagules by providing structural strength and tolerance against various environmental stresses . Melanin accumulation in many phytopathogens has been implicated as a pathogenicity factor playing direct or indirect role in the infection process (Wolkow et al. 1983; Kubo and Furusawa 1991; Howard and Valent 1996) . Conversely, several literatures have evidenced that in many phytopathogens, melanin did not assist virulence factor (Tanabe et al. 1995; Rehnstrom and Free 1996; Frederick et al. 1999) . In case of Bipolaris sorokiniana, the correlation between melanin and pathogenecity factor is still poorly understood. However, Bashyal et al. (2010) showed direct relationship between melanin content and conidiogenesis. Most recently, Chand et al. (2014) found that melanin content is negatively correlated with extracellular enzymes production and aggressive nature of B. sorokiniana though occurrence of such isolates is very less due to their poor survival.
Based on interesting interpretation made by Butler et al. (2005) that microbes inhibiting fungal melanin synthesis or degrading melanin could act as biocontrol agents, the present study has been undertaken to evaluate the effect of biosynthesized silver nanoparticles (AgNPs) on the melanin production in B. sorokiniana by studying gene expression of melanin biosynthesis genes viz., polyketide synthase (PKS1) and scytalone dehydratase (SCD1). This paper presents the results of extension of our previous study where we highlighted the antifungal activity of AgNPs synthesized by Serratia sp. BHU-S4 against B. sorokiniana . Here, we report the expression of melanin synthesis genes affected by the treatment of AgNPs to give an insight into the molecular events underlying the antifungal role of AgNPs against B. sorokiniana. This study is of particular importance as it provides the basis for a new approach to target melanin of fungal pathogens for disease control.
Materials and methods
AgNPs were synthesized using the culture supernatant of Serratia sp. BHU-S4 (accession number: KF863906) as described in our previous reports was isolated from mycelial tissue of both control (BC) and treated (BT) set using RNeasy Plant Mini kit (Qiagen, Hilden, Germany). DNA contamination was removed by DNase. The cDNA was synthesized using iScript select cDNA synthesis kit (Bio-Rad) according to the manufacturer's instructions. Semiquantitative RT-PCR and quantitative real time PCR (qRT-PCR) were conducted using primers; PKS1 forward: 5 -GACCCAGCTCCCATGAAGTG-3 , reverse: 5 -ACCGTGATCCCCCTTCATC-3 ; SCD1 forward: 5 -GGAGGTCATG-GGCTGTCAA-3 , reverse: 5 -TCCCAGTCCTTGCTGTCGTA-3 . Glyceraldehyde-3-phosphate dehydrogenase (GPD) gene forward: 5 -AAC-GGCAAGACCATCCGTT-3 , reverse: 5 -GACGACGTAGTAAGCGCCA-GT-3 was used as internal control (Kihara et al. 2008 ). The qRT-PCR for the target genes was performed by IQ5 Multicolor Real Time PCR Detection System (Bio-Rad) using SYBR green PCR kit (Bio-Rad). The fold change of each gene relative to GPD was calculated using Delta-Delta ct method.
Results and discussion
As a follow-up to our previous work, this study aims to uncover the potential mechanism at molecular level underlying the antifungal role of AgNPs against B. sorokiniana. DHN (1,8-dihydroxynaphthalene) melanin is the most extensively studied fungal melanin playing a vital role in fungal development, protection against stress, host invasion and colonization . DHN melanin is synthesized by polyketide pathway using acetate as precursor (Butler et al. 2005) . Polyketide synthase (PKS1) initiates the process of melanin synthesis by converting acetate into 1, 3, 6, 3, 6, . The 1,3,6,8-THN is further reduced to scytalone which after dehydration by scytalone dehydratase (Moriwaki et al. 2004; Kihara et al. 2008) . Hence, our main emphasis in this study has been to target these two genes and study their expression pattern under the influence of AgNPs treatment (Fig. 1 ).
An investigation of antifungal activity of AgNPs against B. sorokiniana showed marked inhibition of mycelial growth. The 0.05 mg/ml concentration of AgNPs yielded noticeable inhibition of B. sorokiniana mycelial growth while complete inhibition of pathogen was recorded at 0.1 mg/ml. Interestingly, the color of mycelial mat in control set appeared to be black contrary to the white in treated set (with AgNPs). It gave us a clue to the possible inhibitory effect of AgNPs on melanin production by the pathogen and consequently we investigated the gene expression analysis of melanin synthesis genes. There was visible downregulation of PKS1 and SCD1 genes after treatment with AgNPs, which was further validated by qRT-PCR. The qRT-PCR demonstrated 6.47 and 1.808 fold significant decrease in the expression pattern of PKS1 and SCD1 respectively, in B. sorokiniana treated with AgNPs (Fig. 1) . The enhanced expression of PKS1 and SCD1 augmented melanin synthesis in control set, whereas its downregulation after treatment with AgNPs led to reduced melanin synthesis.
We can conclude, while correlating the present data with our previous report , that AgNPs mediated reduction in melanin production might be one of the factors for diminishing the pathogenicity of B. sorokiniana on wheat. However, detailed investigation is further required to better correlate the melanin production with pathogenicity factor by studying functional analysis of these genes. Additionally, since the association of melanin with virulence in B. sorokiniana is largely an unexplored area, our investigation would be the initial first step in exploring and examining other possible dimensions of this subject.
